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Progress Report cm MASA 61-inch Telescope 

April l-lkcember 31, 1965 

Gerard P. Kuiper 

The 61-inch telescope was assembled an Yme 18 and tested on starso A 

rider of weak spots were discwered and we worked di l igeat ly  during the months 
of July and August t o  ILpprove the inettument. 
system, 
Wnivereity o b  Chicago for  the XcDanald 82-inch in the middle 1 9 5 0 ' ~ ~  with Dr. 
Ileinel, then of the Wversb ty  of Chicago s t a f f ,  contributing w8t of the ideas. 
The system b d  more f r i c t ion  than desirable, and cer tain units were replaced by 
ballbearings. The system was cmpleta about mid-August srad b e  been thoroughly 
tested. 
s a t i s f i ed  wfth it, 

Another aspect was the telescope frame i t s e l f ,  canstmeted at  Western Gear 

One aspect Involved the suppo t  
The design used by a b  rstaff was based on the system developed at  the 

It is very seasi t ive ncm and almost fr ic t ionless ,  and we are completely 

Compaay, U s  Angeleeo 
preceded putting on the coat of paint. 
wtrring and had remained in the fr-. 
was operated at estrem angles east and w e s t o  
d i f f i cu l ty  becam of the alaost inaccessible spaces where the sand had lodged 
itselfo 
reqrPired d i s a r t o d l i n g  the n i r ro r  sqport system snd other units where om@ sand 

had entered. These operations were completed sa t i s fac tor i lyo  On September 1, 
Dre Kuiper made tests wLth the newly-assembled equipment, and i t  was clear that 

very large progsees had been made since Jane fn irontug out the various mall 
d i f f i c u l t i e s  that bad cam up and in making the necessary adjustmerats. Beeawe 

the ram aeasou was not yet  mer, i t  was decided t o  fingsh tk checking and 
imprmeaenr progrtm 6urlirag 8epceen'aer so tiaac observing tbe m i d  not be iosi: 
i n  favorable ctiraat5e cdi t fms,  starting arouaat October Po 

was carrfed out w i t h  a11 posoPble dispatch, with Mr, Sam Case, our d@sign eng%neer, 
and U s  staff often wrking sevea days a week and melare or -re hours 8 day to 
accelerate the programo fie acienntdfic staff was tm hana for tests W ~ ~ - Q F  

needad, %a gz:ogra CPE fatmsive fbfshlng  up was enseatially eaqleted m 

October 7, 196S0 

They had been careless in sand-blasting operatfaaswhich 
Sand had entered holeB d r i l l ed  for  the 
This sand began to pour when the tnatlnmreat 

It was restoved with considerable 

The clean%ag operation by I9L was completed a few week later bat i t  

The -iQhg work OD the leaser n e c h i c a l  itens still rquirhg  attentfCm 
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With the assistance of sta%f members and our chief optician,  we enmntned the 
There were still1 a few Wage closely cm that night  md regarded it sa t i s f ac to ryo  

reeidual mechanical troubles,  m e  being with the clutches wed i n  the r i g h t  

sacemion and dechha t lon  ds%~es which appeared to  be too weak and whtch preveaeeG 
w ftora using preload8 on the drives that were s u f f i c i e n t l y  pmesfu~ to milzim%zs 

telescope shake in the preoerrco ~b stmng W h d S o  

but  did not prcvene: us fraa _seartigg_aeientif:tc -_ ebs&matb6na on October - 8 ,  l%-SJ 

The campleted te'8esespe is shown in Figures 1 8 n d  2, the latter showing the  

support systan exposed. 

These clutches were later replaced 

Sixteen pla tes ,  5 x 7 inches each, of t he  moon were obtained at  the P!45 
focus (scale 3 arc seco~dr; per millimeter) on October 8 of which about half 

w e r e  already of "research quality," which means camparable to, or b e t t e r  khan, 
the b e s t  p l a t e s  of the wen obtained before of the area5 rand illuminations 
observeda (dn October 9, for ty-me plates sf the m o m  were obtained a t  the 

CI- roCus of which nearly a l l  were of research quality, 

were poss%ble 011 October IO, but on October 11 twelve further pbteS were 
obtained, with the  majority being of research qua l i t ye  

celleat night during which we obtained seventy plater eP the =on, a l l  of them 
of reser rch  qua l i t y  and about half of supertor  q u e l i t y  w f t b  resolut ions of 
about O,2 arc seconds or better. 

duriag whieh 210 go& lunar photography was  possible, 

ktober 19, 

NO lunar observatfms 

Octoborp 13 wao an cx- 

A rider of mediocre OH poor nigitts followed 
The program vas reswaed 

Sface t ha t  time the telescope has been in constant use (weather pemitttng] 

with lunar and planetary photogsaphy 50% of the t i m e  a d  the balance of t h e  t€me 

for 8 P e c t r o S C O p y ,  polar izat ion,  I R  and aoV photography, double stars, Uranus 
satellites, v i s u a l  obsemations and stellar photometry. 

985 plat- of the  moan, 5 x 7 inches each, of w&kh about 250 are of ~xcell~at 

qta8lity (some p r i n t s  Rave been seat), 

of the  ltmsr plates is reproduced fn  Pfgure 3. 

eenrations were =de durfng the wettest  winter an record in the SW, when prac t i ca l ly  

no observations could be =de et the California obrrervatorfes. 

have ahown the winter a g e  qual i ty  to be the mrst of t h e  year. 

To date we have obtallned 

A graph showing the 

It must be noted t ha t  these ob- 

Our prevfaus tests 
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Our experience with the 61-inch can be caqared  with that of lwo other 
large telescopes, the 82-inch atH@Donald and the 84-inch a t  K i t t  Peak- 
inch a t  HcDomld required only about two weetas of tes t ing before it was considered 

The 82- 

I operational, but i t  took four years for its cap le t ion ,  and i t  war bu i l t  at a 

much greater expense and not par t ly  "in house" as our awa instrument, 
the telescope was not fu l ly  effective until  the support system was completely 
rebui l t  in  the P e r k s  shops i n  the middle 1950ws, acmething which lasted 
approximately a year; and tho COX.& spectrograph was completely revamped, sane- 

thing tha t  tooh four year$. Finally, the optics of the 82-inch were reworked by 
I4r- Texersau in 1964; and, therefore, twentp-five years a f t e r  the ins ta l la t ion  

of the %?-inch, it can now be f ina l ly  regarded as optidzed.  
84-inch has been about s i x  years under cQnartructian, and a f t e r  Eistrmanefs 
interested in using the equipment thought i t  was cmplete ,  i t  took approxhately 
nine mouths to correct the various flaws discovered during its test period, The 
coat of the Kftt Peak 84-inch m a  about $L9 millim; 
inch 
the  so far hsve been about two years (building8 $680,000 and 2o0,000)0 

Even son 

I 

The K i t t  Peak 

the total cost  of the 61- 

telescope so  fa^ b s  been about $345,000, and the  ccnmtruction and test 

As I: hawe -timed in correspondence and letter reports, we f e l t  quite 
cer ta in  tbat optinxaa image resohB%onwith the 61-inchNASA telescope would requLte 
the  addition of a third caqe 88 an altetnate to the F/13,5 and PIhS cages and 

optics,slready in existencee 
opt ical  transparent f l a t  p la te  whish would in ef fec t  close i n  the tuba and produce 

This third sage would contain a plane para l le l  

*thermal ccmditiuns w i t h h  the tdoscoge, resembEir41 those found i n  a refractoro 
This would produce diffraction-limited optics under thermally stable e d i t i o n s .  

( X I  UV optics;  (2) Cram glasrr opttcsr; used- a t  f u l l  aperture, ebouz 62 

inctaes, t o  avoid vignettiag; or a mallet aperture, to reduce atmospheric seeing 
troubles, cost of production, time aad weAght, After very careful sonsideratim, 
W e  h selected 433r~eb anekture and 
t ion disk of precisely 0,l arc s e c d  €n ae lhw l inhf ,  which i o  the be8t we can 
hope €or under a l l  But very exceptioaal cmditioas.  By usPug blue-vicelet l igh t  
(4400 A), the diffrxocgim disk can be msde &OS arc secO Wdth the reduced 
aperture ve shall hawe bet te r  seetng, and i t  w i l l  greatly simplffy the problem 
for the optician of mk%ug a c ~ ~ ~ # e t e t y  sat isfactory optical pla te  Cplane para l le l  

optical plates are mcb more d$fficult to produce than spherical surfaces])o 16Ptencle 

were sttll available in tb hsAsA emtract to cover t h i s  expenditure and the optical  
work plus the construction ob the mechanbcal mounting of the third cageo 

We laad four options fn the nature arad dietansim of thba plane parallel plate? 

n&mA. This apernam e l l  gfve a_ d$Efrze- 
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In addition t o  the lunar ipIate8, we have obtained 835 films, 35 ma, of 
Yupiter; and 248 films, 35 IIL~, of Saturn. 
a range i n  color values OQ these planets. 

Masty of these are in color and s h w  

Dro Low has made very ierportant observations of the planets Saturn, Jupiter, 
The humidity of the atmosphere Venus, and of several stars at 

had dropped enough t o  o p a  up tke 2 0 d c r o n  window which is closed a t  nearly a l l  
U- So observatories because of the much greater hmidity.  
importance have been obtained. 

Resulta of s b g u l a r  
One 18 tha t  the planet 3upiter radiates more 

than the amount absorbed Prom the sun and reradiated in 
the infrared. 
d r i f t  cum8 a t  20 micxxms of these planets across the i r  disks both Ew and ES, 
which give8 information oa the vert ical  structure of these smosphere8. 
belts of Jupi ter  stand out a t  20 p for t h e i r  differ@nt temperatures, a most 
signif icant  result fo r  the interpretatioa of the coodensation products and colors. 

The patio appears to be 2 or  2 112 to 1- He has alrro obtained 

The 

We have furnished U.S.C.S. in  Palo Alto wi th  approximately 100 contact lunar 
positive$ saad ACPC-Lowell a number of eslargments on gaper. 

The dane and buildinc., (Figure 4) were provided by the University of Arizona 
The lwer floor contains a lounge equipped t o  house the 61-inch NAsIh telescope- 

w i t h  kitchen and stme d e s t  overnight acecminodatiaas, a washroom, a -seU-equf,pped 

darkroolp, the mafn electric switchboard, 8 2000 gel. water storage tank, storage 
space, and II loading ahaft with t r a p  door i n  the ceiling €or moving heavy equfp- 
maat to the observing flooro The observing floor, in  addition to the piers and 

telescope, has a moving platform aP: the center for  ell normal astrcmmical 
operations. 
dame ohPtte~s move sideways on tracks, as ro l l ing  doors, vhich has the admtage 

of a l la r fng  reduced slit widths for dayeime op@rations (keeping out armligbt)o 
Both upper and 1oue-d curtaims are provided mer t&@ slit a 
exceptfanally aaoathly, its track having Baea inclined with the proper angle %or 
corrical motion of the wheels. 
water tank i r  at present f i l l e d  by truck but eventually we h v  to connect i t  

with aspring outside the observatory property, X am cmpletely sa t i s f i ed  w%th 

the building, and elrpotience to data hes shews that its cknsa l  p r m r t i e s  are 
a0 favorable a8 antisfpate$. 
painted with titanium-dioxide white pht h a  had the desired e f s e t t  of keeping 
tbe daytime temperatere %u the building low and -king t h e  dcme cold a t  night,  
which causes t he  a h  i n  contact with i t  t o  descend, leaving the air ia the 

On the platform %s located a 2-cabinet console and control. The' 

d a d  
The dcme revolves 

Thg dame has its own rewage disposal unit. The 

HQ p a r t i s u b t ,  the fact that th@ dcwe has been 
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optical  path i n  f ront  of the  telescope the undisturbed ambient atmosphere. 

Xy personal experience and that  of our other observers &as coasistently been 
that "date seeing" and "telescope seeing" are remarkably small and that  the 

l i m i t  of resolution i n  the photographic image is akwst en t i re ly  set by the at- 

mospheric disturbances in t he  f r ee  atmosphere above the dome. I have personal 
experience with a l l  the large telescopes i n  the Uc S. except the Lick 120-inch 
and believe i t  is fair t o  say that  we have succeeded unexpectedly w e l l  i n  
min5mizing thermal effects  within telescope and dameo 

AB previously stated, we have still to  complete the third cell for  the 
61-inch telescope and its 45-inch plane-parallel opt ical  plate-  
the pla te  was ordered fn September 30, 1965, and the p l a t e  is d m  late €larch 
1966, We have also made provision for a spectrograph attachment that has aot 
ye t  been fu l ly  designed and w i l l  not be completed u n t i l  late 1966. 

The blank for  

As an astronmer, 4 am completely sa t i s f ied  with the resu l t s  achieved to 
date, 
large telescope- When the atmosphere is steady, images of the moon and of the 
planets are remarkably c r i sp  and f ree  from distortions,, We have been able to  
observe the spots on the satellites of Jupi ter  in much greater d e t a i l  than X 
b e  ever been able  to observe than with the 82-inch telescope in Texaso We 
have an excellent instrument, but certain additions and improvements can and 
must still be madea 

The optics, gosd to  t /40 th  of a wave, are better than those of any other 

IQ a d d i t i m  t o  the third cage and the high-dispersion 

spectrograph, we need t o  develop a camera tha t  triggers only when the  seeiag is 
excellent to  take advantage of the best moments of seeing (see Figure 3J wfthmt 

the need of taking a very large number of plates of lesser qualityo ( W e d  00 earlier 

virual testrt,during the best six months of the year the en t i r e  curve of  Figure 3 

vi11 be displaced to the right.  
tht high-resolution pa r t4  

for lunar phetagmphy,, (2) ~ Z p ~ ~ o _ p p r y  p,n-~hrgi-~ cs=ers, (3) 39 E +i=etsrj 

c-ra, (4) lowdispersion spectrograph (with % O A h  a d  2OOOA/mra cumeras), 
(5) mediumdispersion g r a t h g  spectrograph (Big, 5) , (6 )  meditmaesolution Ut 

spectrometer @?Ago 61, (7) various I B U ~ ~ € C Q ~ O ~  automatie phot-ters b u i l t  by 

D r o  He J o ~ o ~ ,  (8) pollaritreter bu i l t  by D r o  To Gehrels, (9J IB seaming device@ 
b u i l t  by Dr, Fn Em. 

D;~ T* E. K~ smtall, Grants Administrator of NASA, and Dro wilriann BRSI~IC 

of the Office of Euuar and ~lianemry Scihces, vis i ted the Oaiversity on October 
22 and participated in the dedication of t h e  telescopeo 
made a t  the luracham is herewith appended. 

l?evertheless, one is s t a l l  Interested only in 

At present ve bave the following working attachmts: (1) 5 x 7 plateholder 

-. 

A copy of my comments 
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two decades E ~ G ,  that  w e  can 

having occurred i n  che p a s t  

to keep up with much of this 

parZicPpation in the XASA 

t h i s  Campus i s  dedicated to 



.. ..,szeozology 
?kgsLcs 
Psycho logy 

I ,t I s  zqt posaY>ie 03 =his occasLon to do j u s t i c e  t o  the czrefu l  Tisns 
:.&id by t-- -..est ~ ~ ? Z Z = E L Z S  f o r  zesezzch i n  the S p c e  Sciences Suifding 

. I  G..-'' '0 c:, 
uAiA.O L.AC. col;.lr.g sevez i l  years. L e t  ne l i s t  j u s t  a few. 

7.*----  yuIIoL ,.L - _ r  2 l ~ r i o t r z y  Lzborazo~3  w i l l  be re-united i n  the Zuiiding, 

a z t e r  Lcs presesc c;;;e-racions zze distriZu:ed over tSree bui ldings i n  

,uL+on, oce 

s o r t h u e  t o  5s luazr i x G  Tlanetary phocogtaphy; high-resolution 

r--..rc the uz..pas aad two i n  the c i ty .  I ts  main programs w i l l  

s2ectroscoplc IzvesfigLrlocs of ?l.ane:sry atzosphezes both i n  the v i sua l  

- . -  &?Ad ic g'ne 4-.F.---- &L.bAG-ec; ntxzared scarrs ( h a c  z a p )  05 the  moon to  longer and 

loz=ger wive k r . g 2 ~ . ~  with appratcs  for 20 ZC.C:G~LS being developed by 

2-c. 

by 2. 3w, w l z h  adv~i;.ca; o f  a p T r o x h t e l y  100 i n  s ens i t i v i zy  already ' 

5Lr.s zc;-.levet 3e:nree;, f ~ n d  2 zliczo;ls; precis ion f i i t e r  photometry i n  

x z z e r o ~ ;  wzvz kcgfk i  jzsds 4 ~ ; l  the  u l t r a v i o l e t  to  .the far in f ra red  by 

? Z ~ % G S ~ J ~  LarGL6 Soxison; a rassive progrzn on ihe GrLit i i lg  Astroiiaiiiiea: 

G>servz-tory cr.der cSe joiilf d i rec t ion  of 3 r s .  J o h s o n  znd Gehrels; a 

kLgh-~i t icude  3,z',:oon progrm ( l ro j ece  Polariscope) d i rec ted  by Dr. 

Cc3.=irsls; tl=z iwefopzant  of an absorption tr;be wi th  a very long psth, 

c 
L,ow 292 - - c o  uuL Gcricg t Z e  cozLng winter;  infrared detector  Zevelopment 
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of plznetGzy atnosptsres  and the  formation of 'condensation products. 

c ,;e 1- 2aztici?a:ion of ehe Physics De?ariment i n  the Space Sciences 

- .  - ~ ~ l d k g  ~ 7 l l 1  Icclude t Cryogenic Zrogrm carr ied o u t  jointly with Professor 

- - z i k  MW. " Z X s  i s  za essen t i a l  conpoilent of infrared detector dcvelo?aent 

- .  ,/*-*Lz;l . - - v  . ( = . L . L L ~ ~  ---- very IGW L e z p r a E c r e s  f o r  o?timum use. Also, included w i l l  

SJ analysis 05  ~ r .  s:zskkir;is accelerator  program (opt ica l  and u l t r a v i o l e t  
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I - .  i j zx~czs  OS z h  Kaeisnal OSsen~iiory.  

I sZoriX Like t o  pzy t r i k t e  s l s o  t o  the Architect of the Space 

SzfencL.; Suifdlng, Xr. Y L L i m  Wilde, who is also tke a rch i t ec t  of our 

1. ..i - ~,.,dLngs at the i%t2liaa Stetion. 

ciid eoriflri jes t3 nake LO i n t e q r e t  oGr s c i e n t i f i c  and operational needs 

i n t o  inex?eXsiva end functLonal buildings,  which are pleasizg i n  appearance 

Wa appreciate  the e f f o r t s  he has made 

GSd possess quzl i ty .  

in C C X ~ U S ~ C I Z ,  1 should  l i k e  t o  make a few renarks on the 61-inch 

Celescolje Zcr 32 ~ ~ S i c a C e c :  t h i s  afternoon a t  our  i2ta:ina Stat ion.  X'ASA 



I .  G c  

I wacz 20 ex?ress xy thadcs also to Er. Nasayth, Vice President 

of r~--..k---- 
u ~ ~ j . 3 ~ C . L I .  Gssr Csqany, for the e f f o r t s  h i s  Coin2any have nade co produce 

IC is f i t t i n g  a good z o m c i q  and a very excel lent  r i g h t  ascension gear. 




